The use of aggregates of purified cardiomyocytes derived from human ESCs for functional engraftment after myocardial infarction.
Embryonic stem cells (ESCs) have the capacity to undergo directed differentiation into contracting cardiomyocytes. Therefore, functional cardiomyocytes derived from human embryonic stem cells (hESC-CMs) are potential candidates for cellular cardiomyoplasty to regenerate the myocardium after infarction. However, the directed differentiation of hESCs induces not only contracting cardiomyocytes but also other cell types. Thus, a risk of teratoma formation and oncologic transformation exists following the transplantation of hESC-CMs containing other cell lineages. In addition, the transplantation of hESC-CMs into the infarcted myocardium limits therapeutic efficacy due to low viability and poor engraftment. In this study, we established an efficient preparation method to obtain pure contracting cardiomyocytes from hESCs. We also developed a delivery system to achieve enhanced viability and a functional connection with the host myocardium after transplantation in a myocardial infarction model. A serum-free medium was used to obtain pure contracting cardiomyocytes from other cell lineages after the cardiac differentiation of hESCs. Aggregates of purified hESC-CMs were formed, and then the expression of cardiomyocyte-specific markers and the viability of the aggregated CMs were examined in hypoxic conditions. In addition, we determined whether the viability of the hESC-CMs and their ability to engraft with the host myocardium could be enhanced by transplanting them as aggregates in a myocardial infarction model. The therapeutic efficacy of the cardiomyocytes was examined by immunohistochemical analyses as well as physiological analyses of left-ventricular function. We found that the transplantation of contracting hESC-CM aggregates improved their survival and function in infarcted rat hearts in comparison to the transplantation of dissociated cells. Our method using hESC-CMs can be considered an effective strategy for clinical applications without critical barriers.